Inquiry-Based Worksheet On The Utilization Of Pectin From Lemon Peel Waste As Corrosion Inhibitors To Support Student Understanding In Electrochemistry Concept by Subarkah, Cucu Zenab et al.
Inquiry-Based Worksheet On The
Utilization Of Pectin From Lemon Peel
Waste As Corrosion Inhibitors To
Support Student Understanding In
Electrochemistry Concept
Cucu Zenab Subarkaha ∗ , Muhammad Minan Chusnib,
Optia Wanti Gusniarc, and Citra Deliana Dewi Sundaria
a Department of Chemistry Education, UIN
Sunan Gunung Djati Bandung,
Jl. A.H. Nasution 105 Bandung, West Java, Indonesia
b Department of Physics Education, UIN
Sunan Gunung Djati Bandung,
Jl. A.H. Nasution 105 Bandung, West Java, Indonesia
c MTs Al-Yusufiah Jl. Raya RT 01/03 Leuwigoong Garut,
West Java, Indonesia
*Corresponding Author Email:zenabsc@uinsgd.ac.id
March 29, 2018
Abstract
In order to improve the quality of education, construc-
tion of a new, alternative experiment worksheet in Basic
Chemistry course is needed. Electrochemistry concept, es-
pecially corrosion was the main concern of this research be-
cause this concept is considered difficult by first year college
student. The aim of this research was to produce inquiry-
based worksheet on utilization of pectin as corrosion in-
hibitor. Pectin was utilized in this worksheet because it has
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been known to possess corrosion inhibition properties and
environmental-friendly. The method used was 2D (define
and design) research and development model. The steps of
this research was optimization of experimental procedure,
developing the design of the inquiry-based worksheets, and
conducting limited test to ten General Chemistry II course
students. Pectin was obtained through lemon peel extrac-
tion using HCl and ethanol. The rate of corrosion measured
on iron plates in HCl 1 M aqueous media. Inhibition effi-
ciency was calculated using weight loss method. Optimum
pectin inhibition efficiency was 78%. Validation test of the
development of worksheet procedure showed that the work-
sheet was valid and feasible with rvalue = 0.78 and eligi-
bility percentage = 79.16%. This findings showed that the
worksheet is applicable in teaching chemistry on corrosion
topic.
Key Words:Inquiry; worksheet; pectin; lemon peel waste;
corrosion inhibitor.
1 Introduction
An experiment can be carried out more effectively with the use of
experiment worksheet. Experiment worksheet that is commonly
and widely used is experiment worksheet which stated step-by-step
procedure that has to be done by students. Wenning reveals that
this kind worksheet was not able to fulfill the scientific thinking
skills of most students because it only contains detailed procedures
so that the students only follow the procedures in the worksheet
without thinking about the reason (1). Therefore, a worksheet
that can improve students’ scientific thinking skill is needed. Ac-
cording to Maryati et al., students scientific thinking skill can be
developed through an inquiry-based worksheet (2). Joyce and Weil
reveal that the core of inquiry learning is students involvement in
identifying and designing the methods to to solve a problem (3).
Inquiry-based learning processes include formulating problems, de-
signing experiments, collecting data, analyzing data, and making
conclusions. Brown et al stated that an inquiry-based worksheet
can improve learners’ motivation, because learners can find prob-
lems themselves and solve the problems independently (4).
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Inquiry based worksheet can be applied to an experiment about
corrosion. Corrosion is an example of contextual event related to
the concept of redox reaction and electrochemistry in Basic Chem-
istry course. Corrosion is an environmental problem often encoun-
tered in everyday life that has to be resolved. Corrosion mostly
occurs on the surface of iron-based objects or components because
of the negative reduction potential. This metal is still used in large
quantity because of its high abundance in Earth crust, cheap metal
processing, and easy fabrication. Nasution, et al. said that the im-
pacts caused by corrosion will affect the environment such as soil
pollution (5).
Corrosion also can be prevented temporarily through physical or
chemical methods. Corrosion rate can be reduced by the use of cor-
rosion inhibitor. Corrosion inhibitor can be divided into two types:
inorganic inhibitor and organic inhibitor. Examples of inorganic
inhibitor include arsenates, chromates, silicates, and phosphates
that is harmful to the environment. The use of natural organic
materials as corrosion inhibitor materials is preferred because it is
environmental-friendly. Effective organic inhibitor usually contains
nitrogen, sulfur, oxygen, and phosphorus atoms in their molecular
structures (6). In addition, organic compounds containing elec-
tronegative atom and electron in double bond or triple bond are
also good inhibitors. The action mechanism of organic inhibitor is
by adsorption on metal surface. The use of natural polymer struc-
tures derived from leaf extracts, seeds, or fruit peel as a natural
corrosion inhibitor is good and safe to use. One of the organic
compounds that can be used as a corrosion inhibitor is pectin (7).
Pectin contains a carboxylic functional group (-COOH) and car-
boxymethyl (-COOCH3) which is an active compound to prevent
corrosion (8). Pectin is a heterosaccharide polymer obtained from
cellular plant cell walls. Pectin can be obtained from apples, ba-
nanas, oranges, lemons, carrot, and cacao peels. Utilization of
lemon peel waste as corrosion inhibitor is a great potential for pectin
production. According to Gregory, pectin content in the lemon peel
is 35% (9). In this study, lemon peel waste is processed to produce
pectin which will be used as a corrosion inhibitor. The inhibition
efficiency of pectin against corrosion rate was calculated. Previous
research by Fares et al on the use of pectin from orange peel as a
corrosion inhibitor of aluminum metal using chloride acid solution
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medium as a corrosive environment gives the conclusion that pectin
is an effective corrosion inhibitor (10).
The aim of this research was to optimize simple experimental
procedure to be applied in an inquiry-based worksheet. The ex-
perimental procedure is expected to be an alternative for Basic
Chemistry teaching activity in concept about corrosion. Learn-
ing through inquiry experiment is expected to enhance students’
understanding of corrosion concepts and also to open up a broad
knowledge of corrosion that has been a problem of the environ-
ment. At the best of our knowledge, there are no published paper
about inquiry-based worksheet in the topic of corrosion inhibition
by pectin.
2 Methodology/Materials
The method used in this research is research and development
method. Sugiyono and Sukmadinata suggests that research and
development methods are research methods used to produce a par-
ticular product and test the effectiveness of the product(11, 12).
Research and development method in this study is carried out with
2D stages: define and design. Define stage is performed by an-
alyzing basic chemistry concept which is considered difficult, but
related to everyday life (redox reaction and electrochemistry con-
cept, especially about corrosion), analyzing relevant journals on
corrosion such as prevention of corrosion with inhibitors, pectin
compounds as corrosion inhibitors, and procedures of pectin isola-
tion from lemon peel, and analysis of inquiry-based learning pro-
cess. Design stage is performed by conducting preliminary tests
in the laboratory, then compiling inquiry-based worksheet which is
further validated by content expert. Further improvement is done
according to suggestions and input validation results The subject
of this research is the expert lecturer as validator of the resulting
worksheet and 10 college students who have taken Basic Chemistry
as subjects for the worksheet limited test. Since the worksheet will
be used by the student, it must be tested in advance whether the
worksheet is appropriate to use or not. The competent authority
to test the worksheet in this case is a chemistry expert.
The instrument used in this study consists of the student work-
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sheet supplemented with feasibility test form, the table of determi-
nation of concentration and the optimum time of pectin immersion
as iron corrosion inhibitor, and the tools and materials used in this
research.
2.1 Worksheet
Inquiry-based worksheet is prepared based on the analysis of con-
tent of Basic Chemistry course, which is considered difficult but
related to daily life. Worksheet is arranged in accordance with the
stages of inquiry proposed by Trianto and Maryati, et al, consisting
of the stage of formulating the problem, making hypotheses, de-
signing experiments, conducting experiments, analyzing data, and
making conclusions (2, 13).
2.2 Feasibility and Validity Test Form
Instruments for the feasibility test form used in this study are ques-
tionnaires. The feasibility test form is used to test the feasibility
of the worksheet that has been prepared in accordance with the
procedures generated in this study. The worksheet used in the use
of pectin as an iron corrosion inhibitor is an inquiry-based work-
sheet. According to Suharsimi, the feasibility test form is using
rating scale, with four alternative points: very good = 4; good =
3; not really good = 2; and not good = 1 (14). After getting the
answers, the data is processed into a percentage with the formula
in equation (1). The feasibility test result is concluded accroding
to the criteria in table 1.
Percentage of response =
f
n
× 100% (1)
With f = frequency response, and n = number of respondents.
Table 1.Feasibility criteria based on percentage of
worksheet response (15)
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In the validation test, data from questionaires are then analyzed
to calculate the validity of the worksheet. The test can be done
by comparing the feasibility velue (r) with the critical value of r
(rcritical) according Sugiono (11). The calculations carried out
using correlation technique, mathematically the formula used can
be seen in equation (2).
r =
x
N.n
(2)
where :
r = feasibility value
x = point/score of respondents answer
N = number of items
n = number of respondents
According to Masrun, correlation techniques to determine the
validity of items is the most widely used techniques. Also, items
that have a high correlation indicates that the item has a high
validity (11). Minimum requirement to be concluded valid is r =
rcritical = 0.3. If r value is less 0.3 the item is concluded invalid.
The r value interpretation can be seen in table 2.
Table 2. Interpretation of Eligibility Values (11)
2.3 Experimental procedure for measuring cor-
rosion rate
Procedure for measuring corrosion rate requires some tools and ma-
terials such as iron plates, glass bottles, sandpaper, pipette, oven,
thread, graduated cylinder, analytical balance, spatulas, graduated
6
International Journal of Pure and Applied Mathematics Special Issue
flasks, and watch glass. The data obtained from corrosion rate test-
ing involves iron initial weight and iron final weight after soaking in
corrosive solution. The iron reduced weight will be used to calculate
corrosion rate and efficiency of inhibitor (inhibition efficiency).
3 Results and Findings
3.1 Description of The Worksheet
The inquiry-based worksheet on the utilization of pectin as corro-
sion inhibitor was successfully compiled. This worksheet contains
six phases of inquiry, involves: 1) presenting problems, 2) making
hypotheses, 3) designing experiments, 4) experimenting, 5) analyz-
ing data, and 6) drawing conclusions. Front page of the worksheet
contains the purpose of experiment and instructions about how to
use the worksheet. The purpose of the experiment was to determine
corrosion rate of iron using weight loss method in corrosive media
with and without pectin inhibitor. In the instruction section, it
was stated that students can use books and information from the
internet to collect the required data, students have to work and
discuss the given problems in groups, and students were requested
to read the provided text about corrosion.
The students read the provided text for around five minutes.
Trianto stated that inquiry learning begins when questions or prob-
lems are raised through observations in text so as to encourage stu-
dents to think critically and analytically (16). The text provided
in the worksheet was titled Pectin from Lemon Peel as Corrosion
Inhibitor. First and second paragraph in the text explains about
corrosion, factors affecting corrosion, methods used to prevent cor-
rosion that leads to a corrosion inhibitor, and characteristics of
organic corrosion inhibitor as well as many advantages of organic
inhibitors. Third paragraph introducing pectin as one of many al-
ternatives for corrosion inhibitor, explains what is pectin, source of
pectin, and how to isolate pectin. This paragraph also explains the
method to investigate inhibition properties of pectin. Fourth (last)
paragraph explains about mathematical formula used to calculate
corrosion rate and inhibition efficiency using data obtained from
method in third paragraph.
Inquiry phases are stated implicitly in the worksheet questions
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that follows after the provided text. First and second phases of
inquiry learning (presenting problems and making hypotheses) rep-
resented by questions that ask students to imply the problem that
is described in the text as well as possible solutions to the prob-
lem and ask students to suggest some hypotheses for the possible
solution. Students are then challenged to design an experiments to
test their hypotheses about the inhibition properties of pectin to
iron corrosion. In this stage, students are free to decide their de-
sired variables in the experiments that they want to perform with
an instructor consent and guidance in the process. Fourth phase
is performing experiment. In this phase, the students performed
the experiment designed by their group in the third stage. The
data obtained from the experiment then analyzed by each student
group in fifth stage. In the last stage (drawing conclusions), stu-
dents are encouraged to describe their findings and conclusions to
their performed experiments.
3.2 Worksheet Feasibility and Validation Test
Result
The worksheet that has been prepared was validated by three expert
lecturers. The validation test results and percentage of feasibility
of this worksheet are presented in table 3 and table 4.
Table 3 Recapitulation of Validation Test Results from
Three Expert Lecturers
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Based on the validation test results in table 3, the constructed
worksheet reached an average of rvalue of 0.78. When compared
with the minimum requirement of the feasibility test result, it was
found rvalue is higher than rcritical. Therefore, it was concluded
that the worksheet has fulfilled the requirement and declared as
valid. All statements in the worksheet validation form were con-
cluded as valid. Each statement has a different rvalue. The highest
value of r was in statement number nine (0.91), while the lowest
value of r was in statement number three (0.66). The lowest value
in statement number three means that in this third statement some
reviewers generally understand the procedure presented in the pro-
vided text and some consider it unclear. Therefore, based on the
results of worksheet validation test, we have made some improve-
ments to the worksheet.
Table 4 Percentage of Feasibility Test Results
Based on table 4, the average percentage of feasibility test re-
sults by expert lecturers is 79.16% with sufficient qualification. The
worksheet can be used by enhancement according to the advice of
the expert lecturers, and not make a massive revision.
3.3 Results of The Procedure Optimization
The first step in the procedure optimization conducted was pectin
isolation from lemon peel. After enough quantity of pectin for pro-
cedure optimization and for limited test by 10 students is reached,
second procedure of the utilization of pectin as corrosion inhibitor
can be carried out. The aim of the procedure optimization is to ob-
tain optimum soaking time of iron to corrosive media and to obtain
optimum concentration of inhibitor. The procedures and data from
9
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this procedure optimization will be used as reference procedure for
designing experiment in inquiry phase.
Pectin used in this research was isolated from lemon peel waste
obtained from the traditional market. Pectin was isolated from
lemon peel by using hydrochloric acid and ethanol. The isolated
pectin is then applied as an iron corrosion inhibitor. The next step
of this research is determination of optimum concentration of corro-
sion inhibitor, in this case corrosion in iron. The corrosion inhibitor
used was pectin which was directly dissolved in corrosion medium
HCl 1 M. Pectin concentration used was 2.0 g / L, 4.0 g / L and 6.0
g / L with each concentrated tested three times (triplo). The opti-
mum concentration can be known from the rate of corrosion based
on the variation of concentration used. Determination of the cor-
rosion rate is done by weight loss method. The weight loss method
involves the process of cleaning the metal used, weighing the metal
before it is immersed into the corrosion medium, cleaning the metal
after corrosion, and weighing the final weight of the metal after it
is corroded. The metals used in this study were iron plates with
size 1.6 4 0.1 cm, hung in a corrosion medium using a thread for
2 hours at room temperature, both without and with the addition
of a corrosion inhibitor. The weight losses of iron are presented in
table 5. Iron immersion with the addition of inhibitor, with varia-
tion of concentration of inhibitor in corrosion media, obtained the
result that the inhibitor concentration has an effect on the weight
loss of iron as in table 5.
Table 5 Reduction of Iron Mass
Wo = Initial weight of iron before immersion in corrosion media
Wa = Final weight of iron after iron Immersion W = Weight loss
of iron (Wo-Wa)
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Based on table 5, the addition of corrosion inhibitor with various
concentrations affects the weight of iron lost in the final weighing.
The more concentration of inhibitor added in the corrosion medium
the less weight of iron lost, but on the addition of corrosion inhibitor
as much as 6 g / L the lost weight of iron slightly increased from the
inhibitor concentration of 4 g/L. However, this insignificant increase
can be considered not to occur because of the tool precision ( 0.0001
gram). Weight reduction of iron is caused by iron oxidation to iron
(II) ions (17).
Corrosion media used in this study is HCl. HCl is a powerful
electrolyte substance that can corrode iron because chloride ions
can react with ferric metals to form iron (II) chloride compounds.
Acidic media will accelerate the rate of iron corrosion, this is due
to the influence of environmental pH which is the degree of acidity
of the environment that indicates the concentration of H+ in the
environment. Based on table 5, the addition of corrosion inhibitor
with various concentrations affects the weight of iron lost when the
final weighing. The more concentration of inhibitor added in the
corrosion medium the less weight of iron lost, but on the addition of
corrosion inhibitor as much as 6 g/L the lost weight of iron slightly
increased. In this study, to coat the entire surface of the metal
apparently requires a concentration of inhibitor of 4 g/L to protect
the metal under optimum conditions. Corrosion rate is calculated
and plotted against inhibitor concentration in Figure 1.
The data in the figure 1 shows that the corrosion rate decreases
with the addition of pectin inhibitors into the corrosion medium,
compared with the blank solution (without the addition of the in-
hibitor). At a concentration of 4 g/L, rate of corrosion is at mini-
mum value. However, in addition to 6 g/L inhibitor concentration
the corrosion rate slightly increased. Based on the results of this
study it can be concluded that the addition of pectin inhibitor of 4
g/L is the optimum concentration. The efficiency of inhibitor can
be seen in figure 2.
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Figure 1 Plot of inhibitor concentration vs corrosion rate with two
hours immersion time
Figure 2 Effect of inhibitor concentration to inhibition efficiency
Based on the data on figure 2, the highest efficiency of pectin
inhibitor in reducing the corrosion rate is at 4 g/L with 78% inhi-
bition efficiency and the lowest efficiency is in the addition of 2 g/L
inhibitor with only 41% efficiency. The next step in this research
is determining the optimum immersion time in 1M HCl corrosive
media by using the same inhibitor concentration of 4 g/L. The im-
mersion time varied to 1, 2, and 3 hours, each without and with
the addition of inhibitor. The optimum time is obtained from the
smallest corrosion rate. The effect of immersion time to corrosion
rate is presented in figure 3. Based on the data on the graph, the
highest inhibition efficiency was achieved at two hours immersion
time, with 78% efficiency. Thus, the optimum immersion time in
this study was two hours.
For comparison, previous studies by Fiori et al. with pectin iso-
lated from orange peel as a corrosion inhibitor of light steel resulted
in an optimum concentration of 2 g/L (7). Light steel has less iron
content than iron in pure state. This is because there are other
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substances in light steel such as phosphorus, silicon, aluminum,
manganese, and carbon. In the use of light steel, inhibitor needed
coat metals will be required in less quantity for optimum condi-
tions to be achieved, where as the use of pure iron requires more
inhibitors to coat metals to optimum conditions. In this study, to
coat the entire surface of the metal apparently requires a concen-
tration of inhibitor of 4 g/L to protect the metal under optimum
conditions. The more iron content, the higher concentration of
corrosion inhibitors needed. The corrosion media that was mixed
with inhibitor can decrease corrosion rate due to the adsorption
of inhibitors on the surface of the iron to prevent the interaction
between iron and corrosion media, in this case is HCl (19).
The ability of pectin inhibitors to reduce the rate of corrosion is
due to the presence of carboxyl groups having negatively charged
oxygen species in each unit of pectin macromolecules. The nega-
tively charged atom will be adsorbed on the metal surface by per-
forming an electrostatic interaction with the electropositive metal
atom present on the iron surface. In addition, the electropositive
groups of iron can act as Lewis acid, and therefore can form a co-
ordination bond with oxygen from the pectin macromolecule which
acts as a Lewis base.
4 Conclusion
The resulting inquiry-based worksheet on the utilization pectin
from lemon peel waste as a corrosion inhibitor displays the in-
quiry stages, i.e. stages of formulating the problem, making hy-
potheses, designing experiments, conducting experiments, analyz-
ing data, and making conclusions. Validation test results by three
experts concludes that the worksheet is valid, with the average value
of rvalue obtained is 0.78 and the average percentage of feasibility
is 79.16%. Thus, worksheet made in this research is feasible to be
applied in Basic Chemistry course. Pectin from lemon peel is ef-
fective to be used as corrosion inhibitor of iron with efficiency at
optimum condition that is equal to 78%, at optimum concentration
4g/L with 2 hours immersion time.
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